Summary. The ng/ml on Day 22 of saline cycles; however, during oxytocin cycles, luteolysis did not occur until after Day 25 (P < 0\m=.\05). Interoestrous interval was 5\m=.\9 days longer for oxytocin than for saline cycles (P < 0\m=.\05). In blood samples taken every 2h from Day 17 to Day 23, PGFM peak amplitude was higher (P < 0\m=.\05) in saline (142\m=.\1 \m=+-\25\m=.\1 pg/ml) than in oxytocin cycles (109\m=.\8 \m=+-\ 15\m=.\2 pg/ml). Nevertheless, pulsatile secretion of PGFM was detected during 6 of 7 oxytocin cycles. In both experiments, the anticipated rise in serum oestradiol concentrations before oestrus, around Days 18-20, was observed during saline cycles, but during oxytocin cycles, concentrations of oestradiol remained at basal levels until after oxytocin infusion was discontinued. We concluded that continuous infusion of oxytocin caused extended oestrous cycles, prolonged the secretion of progesterone, and reduced the amplitude of PGFM pulses. Moreover, when oxytocin was infused, pulsatile secretion of PGFM was not abolished, but oestrogen secretion did not increase until oxytocin infusion stopped.
Introduction
pointed to a role for oxytocin in regulating lifespan ofthe corpus luteum (CL; for a review in sheep, see McCracken et ai, 1984) , and it has now been shown that oxytocin is synthesized and secreted from the CL of cattle (Wathes et ai, 1983) and sheep (Wathes et ai, 1986) . Flint & Sheldrick (1983) noted that variation in peripheral concentrations of oxytocin paralleled the cyclic pattern of progesterone secretion and that the concentration of oxytocin was much greater in the ovarian or utero-ovarian vein than in the jugular vein, implicating the ovary as an important source of oxytocin during the oestrous cycle. During luteolysis, there is pulsatile release of prostaglandin (PG) F-2a (Kindahl et ai, 1976) , and during the late luteal phase of sheep, approximately twothirds of pulses of PGF-2a are associated with increases in oxytocin (Flint & Sheldrick, 1983; Hooper et ai, 1986) . When exogenous oxytocin was given in the later part ofthe oestrous cycle of sheep (Fincher et ai, 1986) or cattle (Lafrance & Goff, 1985; Howard et ai, 1990) , an immediate increase in peripheral PGF-2a was seen, and it is during this part of the cycle that endometrial receptors for oxytocin are highest (McCracken et ai, 1984; Schams, 1987) . During natural luteolysis, ovarian oxytocin and uterine PGF-2a form a positive feedback loop that continues until the CL has completely regressed (Flint & Sheldrick, 1986) .
When sheep (Sheldrick et ai, 1980; Schams et ai, 1983; Wathes et ai, 1989) or goats (Cooke & Homeida, 1985) were actively immunized against oxytocin, oestrous cycles were lengthened and progesterone secretion was prolonged. In cyclic ewes, continuous infusion of oxytocin caused down-regulation of oxytocin receptors (Flint & Sheldrick, 1985) , and reduced release of PGF-2ct (Sheldrick & Flint, 1987) , leading to extended CL lifespan. In cattle, one study showed no effect of continuous oxytocin infusion on CL function (Kotwica et ai, 1988) , while another showed that progesterone secretion was prolonged when oxytocin was infused continuously (Gilbert et ai, 1989) ; however, PGF-2ct was not measured in the study of Gilbert et ai (1989) (1990) . Interassay and intra-assay coefficients of variation for the oestradiol assay were 11-2 and 15-5%, respectively, and the sensitivity was 1-0 pg/ml.
Concentrations of PGFM were determined by the procedures of Howard et at. (1990) . Intra-assay and interassay coefficients of variation were 13-7 and 16-9%, respectively, and the assay sensitivity was 30 pg/ml.
Radioimmunoassay for oxytocin was as described by Gorewit ( 1979) . Purified standards ( > 99% pure, 0-45 pU/pg) and specific rabbit anti-oxytocin serum (Calbiochem/Behring Diagnostics, San Diego, CA, USA) were utilized. The intra-assay and interassay coefficients of variation were 8-5 and 8-6%, respectively, and the assay sensitivity was 20 pg/ml.
Statistical analyses. Data were analysed by least squares analysis of variance by using General Linear Models of the Statistical Analysis System (Spector et ai, 1985) . Data that contained repeated observations (e.g. hormone values) were analysed by methods of Gill & Hafs (1971) .
To characterize pulsatile secretion of PGFM, baseline values for individual cows were identified as nadir values between potential peaks of PGFM. An average baseline for a particular day was calculated, and peaks of PGFM were defined as maximum values that were greater than the baseline mean + 2 s.d. Data were then summarized as baseline PGFM, PGFM peak amplitude, and PGFM peak frequency.
Results

Experiment I
The interoestrous interval of cycles during which oxytocin was infused was 1-6 days greater than for saline cycles (P = 007, Table 1 ). During the period of infusion, oxytocin averaged 59 + 5 pg/ml in cows given saline compared with 522 + 29 in those given oxytocin. Before the start of infusions, progesterone profiles were similar between saline and oxytocin cycles, increasing from 1-2 ng/ml on Day 2 to 10-7 + 1-3 ng/ml on Day 13 during both cycles (Fig. 1) . Progesterone concentrations decreased to < 1 ng/ml on Day 25 in saline cycles, but during oxytocin cycles, progesterone remained near 10 ng/ml through Day 22 and then decreased to approximately 2 ng/ml by Day 26 (P < 005).
Concentrations of oestradiol in serum increased during saline cycles from 2-3 pg/ml before Day 18 to 7-2 + 1-9 pg/ml on Day 23. In contrast, during oxytocin cycles, oestradiol concentrations did not start to increase until after infusions were terminated on Day 21 ( Fig. 2; (Fig. 3) , but declined from 6-8 + 0-7 ng/ml on Day 16 to <2 ng/ml by Day 20 ofthe saline cycles. (Fig. 4) . After withdrawal of oxytocin, concentration of oestradiol in serum rose sharply through Day 30, when it reached 201 ± 3-0 pg/ml (P < 005). (Fig. 5a-d) . In all except one of the oxytocin cycles, there were periods of robust episodic secretion of PGFM, as well as periods of reduced peak amplitude. In the one cycle that was the exception, there were no discernible differences in patterns of episodic PGFM release between saline and oxytocin cycles. 
Discussion
In addition to the results of Flint & Sheldrick (1985) (McCracken et ai, 1984) . Likewise in cattle, the first detectable increase in oxytocin recep¬ tors was seen on Day 15 (Schams, 1987) , even though exogenous oxytocin as early as Day 14 caused an increase in concentrations of PGFM in serum (Howard et ai, 1990) . When ewes were infused continuously with oxytocin beginning on Day 13, oestrous cycles and secretion of progesterone were prolonged, and oxytocin receptor numbers were drastically down-regulated in uterine tissue collected on Day 17 (Flint & Sheldrick, 1985 (1988) and others might have been caused by differences in dosage of oxytocin infused. Flint & Sheldrick (1985) gave ewes 3 µg/h, or about 144µg·day~1·(100kg body weight)"1. Gilbert et ai (1989) estimated that subcutaneous pumps placed in cattle delivered 26 µg/h at the start of infusion, and 9 µg/h near the end of infusion, corresponding to about 156 and 54µg·day~1·(100kg body weight)"1. Kotwica et ai (1988) gave heifers 12µg·day"1·(100 kg body weight)-1, considerably lower than the doses in the studies of approximately 500 IU oxytocin activity/mg, or 0-5 lUTug. Ewes in their study were infused with SlU-hr^lOOkg body weight)"1, slightly less than the 3-33 IU-h_1-( 100 kg body weight)"1 given to cows in the present experiment (average weight = 600 kg).
Concentration of oxytocin in serum of cows in the present study reached 500-1000 pg/ml during oxytocin infusion, about a 25-fold increase above pre-treatment and saline cycle concen¬ trations of about 30-50 pg/ml. This concentration was considerably higher than in other studies, in which oxytocin reached about 30 pg/ml in sheep (Flint & Sheldrick, 1985) , and about 30 pg/ml (Kotwica et ai, 1988) to 90 pg/ml (Gilbert et ai, 1989) in cattle, all above pre-treatment concen¬ trations of < 10 pg/ml. It is possible that differences in assay procedures could lead to some of the discrepancies in oxytocin concentrations, since preparations of oxytocin standards and antibody can vary widely. In addition, the procedure utilized in the present studies was with unextracted serum while others (Flint & Sheldrick, 1985; Kotwica et ai, 1988; Gilbert et ai, 1989 ) used extracted sera. When oxytocin concentrations obtained in the present studies were converted from pg/ml to µ /ml, baseline concentrations and assay sensitivity were very similar to those of studies in cattle in which the same assay protocol was used, including source of standard and antiserum (Gorewit, 1979; Wachs et ai, 1984) . Maintenance of physiological levels of oxytocin in the peripheral circulation was of concern in one study (Kotwica et ai, 1988) , although continuous infusion of oxytocin and resultant down-regulation of receptors should be considered a pharmaco¬ logical, rather than a physiological effect. Heap et ai (1989) noted that, during the late luteal phase of sheep, infusion of physiological amounts of PGF-2ot into a uterine lymphatic vessel or uterine vein elicited increases in oxytocin to > 500 pg/ml in ovarian venous plasma and to > 1000 pg/ml oxytocin in utero-ovarian venous plasma. Endogenous peaks of oxytocin reach levels of > 1000 pg/ml in ovarian venous and utero-ovarian venous plasma in sheep as well (Hooper et ai, 1986) . Thus, while concentrations of oxytocin in the peripheral circulation of cows in the present study were well above the concentrations normally seen in jugular venous blood, concen¬ trations achieved were in line with those seen in the ovarian or utero-ovarian blood supply under physiological conditions in sheep (Hooper et ai, 1986; Heap et ai, 1989) .
In Exp. I, no differences were noted in the concentrations of PGFM in samples collected hourly on Day 18 ofthe cycle. This might not be surprising, since on Day 18 concentrations of progester¬ one in serum were still elevated during the saline and oxytocin cycles. Experiment II was conducted to evaluate more closely the influence of continuous infusion of oxytocin on PGFM secretion by taking blood samples over an extended period encompassing the normal time of luteolysis. In this experiment, secretion of PGFM was altered during cycles in which cows were infused with oxytocin, compared to cycles in which cows were given saline. There was a reduction in PGFM peak ampli¬ tude, without a reduction in peak frequency or baseline PGFM. Sheldrick & Flint (1987) showed that ewes infused with oxytocin had reduced PGFM, with the majority of ewes having PGFM that remained at baseline concentrations, although there was episodic release of PGFM with reduced peak amplitude and frequency in some ewes. This was consistent with the results of the present study, since there was still episodic PGFM at certain times in the face of continuous oxytocin administration, with evidence of reduced peak amplitude in the majority of oxytocin cycles. In contrast to the present studies, Kotwica et ai (1988) (Hixon et ai, 1983) . In addition, when oestradiol secretion was reduced by cauterization of ovarian follicles and X-irradiation of ovaries (Villa-Godoy et ai, 1985) , or when the action of oestradiol was antagonized by the oestrogen antagonist, tamoxifen (Jacobs et ai, 1988) , secretion of progesterone and oestrous cycle length were extended. Hughes et ai (1987) showed that 15 mg PGF-2a caused complete luteolysis when given to control heifers on Day 14 of the cycle, but luteolysis did not occur when PGF-2a was given on Day 14 to heifers whose follicles had been destroyed by cauterization and irradiation on Day 9 of the cycle. However, Flint & Sheldrick (1985) 
